1. Introduction {#s1}
===============

With improved healthcare and increasing longevity in the United States (US), the proportion of people surviving to \> 90 years of age (very elderly) is steadily increasing.[@b1] Though accounting for only 0.02% of the US population, it is estimated that there will be over one million very elderly individuals in the USA by the end of this decade.[@b2] However, the US health care system may be suboptimally equipped to manage this vulnerable population because evidence based outcomes data with regards to chronic diseases such as non-valvular atrial fibrillation (AF) is rather scanty in this subgroup.

Stroke is a major complication of AF and is associated with enormous economic burden to the society. In the last decade, important changes have been proposed with regards to acute stroke (AS) prevention in patients with AF.[@b3] In order to enhance anticoagulation utilization in the elderly population, two points were allocated for age \> 75 years in the currently recommended risk assessment---the CHA~2~DS~2~-VASc score.[@b4] Further, the use of direct oral anticoagulants has been recommended in appropriately selected elderly patients because of their favorable efficacy and safety profile compared to warfarin.[@b5] However, it is unclear if these recommendations are appropriately utilized in the real-world clinical care of the very elderly.

In this study, we analyzed the temporal trends in AS hospitalizations in very elderly patients with AF in the years 2005--2014. This information may help with assessing the current state of AS prevention outcomes and will potentially guide future efforts to reduce incidence of AS in this patient population.

2. Methods {#s2}
==========

We used the nationwide inpatient sample (NIS) for this analysis. NIS has been described in detail in other publications.[@b6],[@b7] In brief, the NIS is a nationally representative, largest, all-payer database of inpatient hospitalizations in the USA that is maintained by the Agency for Health Care Quality and Research (AHRQ). NIS comprises random 20% sample of all inpatient hospitalizations from 46 states in the USA from 1998 to 2014. Each observation in the NIS represents an individual hospitalization with a primary diagnosis, up to 24 secondary diagnoses, and up to 15 procedure codes. All discharge diagnoses and procedures were coded using the International Classification of Disease--9^th^ clinical modification (ICD-9CM) codes.

Two different sampling strategies were followed in the assembly of the NIS data: (1) prior to 2012, the NIS included all discharges from a random sample of 20% of acute care hospitals in the USA, stratified by bed size, region and location; and (2) starting in 2012, the NIS included a random sample of 20% of discharges from all acute care hospitals in the USA. By this effort, the margin of error was reduced by 50% and national estimates decreased by 4.3%.[@b8] From 1998 to 2011, discharge weights are provided by the AHRQ after a validation process which are used to calculate national estimates. As recommended by the AHRQ,[@b9] in order to account for the differences in sampling strategy from 2012--2014, compared to before 2012, revised discharge weights termed "trend weights" are used for 2011 and all preceding years while computing national estimates in order to ensure comparability across years and to facilitate trends analysis from 1998--2014.[@b9]

2.1. Study population {#s2a}
---------------------

University of Texas Health Science Center at Houston, Texas, USA reviewed the study protocol and the study was exempt from human subject research as it includes only de-identified, publically available data. For our analysis, we only used NIS data from 2005 to 2014. Similar to prior studies,[@b6],[@b10] ICD-9CM code 427.31 was used to identify hospitalizations involving patients with AF from the NIS database. Hospitalizations involving very elderly patients (age ≥ 90 years) with ICD-9CM code 427.31 in the primary or any secondary discharge diagnoses from 2005 to 2014 formed the study cohort. From the study cohort, we abstracted demographic data, payment type and comorbid diseases. It is to be noted that between 2012 and 2014, the NIS stopped reporting the exact age at the time of hospitalization for patients over 90 years of age. All hospitalizations of patients over 90 years were reported as a single value '90'. Hence, calculation of mean age in this time window 2012--2014 was not possible. We assessed stroke risk using CHA~2~DS~2~-VASc algorithm.[@b4] Charlson\'s comorbidity index (CCI) was calculated to quantify the comorbid disease burden of the study cohort.[@b11] ICD-9CM code V58.6; represents long term and current use of anticoagulants was used to identify hospitalizations involving anticoagulated patients with AF.

2.2. Outcomes assessed {#s2b}
----------------------

The study outcome of interest was AS hospitalizations, defined as those hospitalizations involving the study cohort that were due to AS as the primary diagnosis and AF mentioned in any of the secondary diagnoses. Similar to prior investigations,[@b6],[@b10] ICD-9CM codes 433.xx, 434.xx and 436.xx were used to abstract AS hospitalizations from the study cohort. AS hospitalizations were expressed as hospitalization rates/million population, calculated by dividing total estimated number of AS hospitalizations of very elderly (aged \> 90 years) for a specific year (numerator), by the US census population estimate of those older than 90 years for that year (denominator).[@b12] This multiplied by 1 million gives the AS hospitalization rates/million population. Similarly, we calculated from 2005--2014, AS hospitalizations/million population of anticoagulated patients with AF.

2.3. Statistical analysis {#s2c}
-------------------------

As per the recommendations of the AHRQ, we used survey analysis methods to account for clustering and stratification of patients for all continuous and categorical variables. We used Stata IC 13.0 (Stata-Corp, College Station, TX) and SAS 9.0 (SAS Institute Inc, Cary, North Carolina) software to perform statistical analysis. We used sampling weights to estimate trends and national estimates in order to account for the change in sampling design as recommended by the AHRQ.[@b9] Specifically, in order to account for the differences in sampling strategy from 2012--2014, compared to before 2012, revised discharge weights termed "trend weights" are used for 2011 and all preceding years while computing national estimates in order to ensure comparability across years and to facilitate trend analysis.[@b9] Similar to prior analyses[@b6],[@b7] trends in patient demographics, comorbid diseases, AS hospitalizations/million population, and AS hospitalizations involving anticoagulated patients with AF/million population were evaluated using the Cochrane Armitage test for categorical variables[@b13] and the Cuzick test for continuous variables.[@b14] Further, patient demographics, comorbid diseases and AS hospitalizations within each year for men and women were compared using student *t* test or Wilcoxon Rank sum test as appropriate for continuous variables and Chi-square test for categorical variables after adjusting for survey weights. *P* \< 0.05 was considered statistically significant.

3. Results {#s3}
==========

From 2005 to 2014, 3,606,073 hospitalizations of the very elderly with AF were reported in the NIS. [Table 1](#jgc-14-09-547-t01){ref-type="table"} details the trends in patient demographics, payment type, comorbid diseases, CHA~2~DS~2~-VASc score, CCI score and anticoagulation rates. Proportion of hospitalizations involving women were more than those involving men. Medicare/Medicaid paid for nearly 95% of hospitalizations 2005--2014. Proportion with hypertension, diabetes, coronary artery disease, prior stroke, peripheral vascular disease, renal failure, dementia and cancer increased; 2005--2014 ([Table 1](#jgc-14-09-547-t01){ref-type="table"}). Anticoagulation rates increased in women (8% in 2005 to 19.9% in 2014) as well as in men (8.9% in 2005 to 21.6% in 2014).

###### Baseline characteristics of patients with AF with hospitalizations from 2005--2014.

                                    2005      2006      2007      2008     2009      2010      2011      2012      2013      2014     *P* trend
  ------------------------------- --------- --------- --------- -------- --------- --------- --------- --------- --------- --------- -----------
  Total hospitalizations           310,440   314,943   316,735   332044   337,476   358,266   413,589   397,760   408,250   416,570   \< 0.001
  Mean age, yrs                     92.5      92.6      92.6      92.6     92.7      92.6      92.6      90\*      90\*      90\*        \-
  Female, %                         69.7%     68.8%     68.7%    68.7%     68.2%     67.5%     67.4%     66.3%     65.5%     64.6%    \< 0.001
  Race, %                                                                                                                            
   White                            90.0%     87.6%     88.2%    88.3%     88.1%     88.2%     88.5%     88.0%     87.8%     87.6%    \< 0.001
   Black                            3.8%      5.0%      4.6%      4.2%     4.1%      4.9%      4.8%      4.5%      4.6%      4.7%       0.030
   Other                            6.2%      7.4%      7.2%      7.5%     7.8%      6.9%      6.6%      7.5%      7.6%      7.7%       0.001
  Payment type, %                                                                                                                    
   Medicare/Medicaid                95.7%     95.8%     94.4%    93.9%     94.2%     94.5%     95.2%     95.7%     95.2%     95.1%    \< 0.001
   Private insurance                3.5%      3.4%      4.6%      4.9%     4.7%      4.4%      3.8%      3.3%      3.6%      3.8%     \< 0.001
   Self-pay/other                   0.8%      0.8%      1.0%      1.2%     1.1%      1.1%      1.0%      1.0%      1.2%      1.1%     \< 0.001
  AHRQ comorbidity measures (%)                                                                                                      
   Prior CHF                        41.5%     40.6%     40.4%    38.1%     37.9%     38.1%     38.5%     39.2%     39.6%     39.7%    \< 0.001
   Hypertension                     58.0%     61.6%     46.0%    47.4%     69.7%     71.6%     72.0%     76.9%     77.6%     79.2%    \< 0.001
   Diabetes mellitus                14.7%     15.4%     16.7%    17.9%     18.2%     19.0%     19.4%     21.2%     21.5%     22.4%    \< 0.001
   Peripheral vascular disease      5.5%      5.9%      6.1%      6.7%     6.9%      7.0%      7.5%      9.0%      9.4%      9.7%     \< 0.001
   Prior CAD                        32.5%     32.8%     34.2%    35.4%     35.7%     35.8%     36.5%     40.0%     39.4%     40.1%    \< 0.001
   Prior stroke                     7.6%      7.8%      7.9%      8.5%     8.6%      8.5%      8.5%      8.9%      9.2%      9.3%     \< 0.001
   Chronic lung disease             22.5%     22.7%     22.8%    21.3%     21.8%     21.8%     21.7%     23.5%     22.1%     22.4%      0.177
   Renal failure                    5.1%      12.3%     20.6%    20.9%     24.0%     24.0%     27.6%     31.1%     31.1%     31.4%    \< 0.001
   Dementia                         4.4%      4.0%      3.5%      3.9%     3.7%      3.3%      3.1%      3.0%      3.3%      3.7%     \< 0.001
   Cancer                           4.1%      4.0%      4.2%      4.2%     4.2%      3.6%      4.2%      4.3%      4.3%      4.6%     \< 0.001
  Disease severity indices                                                                                                           
   CHA~2~DS~2~VASC score             2.7       2.7       2.5      2.6       2.8       2.8       2.8       2.6       2.8       2.8     \< 0.001
   CCI ≥ 2                          41.8      45.3      49.8      49.9     52.3      51.8      54.4      57.2      58.1      58.8     \< 0.001
  Anticoagulation rates                                                                                                              
   Women                             8.0       9.1      11.1      11.9     14.7      16.2      17.2      17.7      18.5      19.9     \< 0.001
   Men                               8.9       9.7      11.7      12.4     15.4      17.5      18.9      19.2      19.9      21.6     \< 0.001

\*The database stopped mentioning specific age from 2012 to 2014. AF: atrial fibrillation; AHRQ: Agency for Health Care Quality and Research; CAD: cardiovascular diseases; CCI: Charlson\'s comorbidity index; CHF: congestive heart failure.

[Table 2](#jgc-14-09-547-t02){ref-type="table"} details the national estimated numbers of AS hospitalizations. [Table 3](#jgc-14-09-547-t03){ref-type="table"} details AS hospitalization rates/million population. In total, 188,948 hospitalizations (141,822 hospitalizations in women and 47,126 hospitalizations in men) had AS as the primary diagnosis. AS hospitalizations increased in the total cohort (3217/million in 2005 to 3871/million in 2014), in women (3540/million in 2005 to 4487/million in 2014) and in men (2490/million in 2005 to 3173/million in 2014) (*P* \< 0.001) in the total cohort ([Figure 1](#jgc-14-09-547-g001){ref-type="fig"} & [2](#jgc-14-09-547-g002){ref-type="fig"}). AS rates in the anticoagulated patients, though numerically lower than the total cohort, showed an increasing trend as well (all anticoagulated patients: 212/million in 2005 to 513/million in 2014; anticoagulated women: 224/million in 2005 to 529/million in 2014, anticoagulated men: 184/million in 2005 to 518/million in 2014; [Table 3](#jgc-14-09-547-t03){ref-type="table"}, [Figure 3](#jgc-14-09-547-g003){ref-type="fig"}).

###### National estimates of stroke hospitalizations from 2005--2014.

                           2005     2006     2007     2008     2009     2010     2011     2012     2013     2014    *P* trend
  ---------------------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -----------
  Total cohort            15,100   15,084   15,550   17,897   17,991   19,477   21,523   21,699   21,788   22,839   \< 0.001
  Anticoagulated           996     1,638    1,552    1,835    2,368    2,591    3,335    2,950    3,150    4,245    \< 0.001
  Women cohort            11,504   11,315   12,399   13,631   13,498   14,567   16,207   16,154   15,938   16,609   \< 0.001
  Anticoagulated women     730      1190     1266     1310    1,665    1,750    2,325    1,985    2,135    2,560    \< 0.001
  Men cohort              3,596    3,769    3,875    4,266    4,493    4,910    5,316    5,545    5,850    6,230    \< 0.001
  Anticoagulated men       266      448      510      525      703      841     1,010     965     1,015    1,665    \< 0.001

###### Stroke hospitalizations/million population, 2005 -- 2014.

                          2005    2006    2007    2008    2009    2010    2011    2012    2013    2014    *P* trend
  ---------------------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -----------
  Total cohort            3,217   3,099   3,400   3444    3,462   3,520   3,601   3,712   3,796   3,871   \< 0.001
  Anticoagulated           212     336     307     353     455     468     477     489     496     513    \< 0.001
  Women cohort            3,540   3,380   3,597   3,858   3,820   3,909   4,100   4,257   4,399   4,487   \< 0.001
  Anticoagulated women     224     355     345     370     471     477     489     501     514     529    \< 0.001
  Men cohort              2,490   2,482   2,432   2,565   2,702   2,716   2,855   2,930   3,079   3,173   \< 0.001
  Anticoagulated men       184     295     300     315     422     465     481     490     503     518    \< 0.001

![Acute stroke in the total cohort](jgc-14-09-547-g001){#jgc-14-09-547-g001}

![Sex specific stroke rates](jgc-14-09-547-g002){#jgc-14-09-547-g002}

![Sex specific stroke rates in anticoagulated patients](jgc-14-09-547-g003){#jgc-14-09-547-g003}

A distinct sex gap was noted in the AS rates with women experiencing higher rates of AS compared to men in the total cohort ([Figure 2](#jgc-14-09-547-g002){ref-type="fig"}). However, in anticoagulated patients ([Figure 3](#jgc-14-09-547-g003){ref-type="fig"}) this sex gap in AS risk, though persisted 2005--2009, significantly attenuated from 2010--2014.

4. Discussion {#s4}
=============

In our large sample, nationally representative analysis using the NIS database we found an increasing trend in AS hospitalizations of the very elderly with AF. This was true in men as well as in women. Although, anticoagulation rates consistently increased in both sexes 2005--2014, AS hospitalizations increased in the anticoagulated patients as well in this 10 year period.

Data on AS trends in the very elderly are limited. Although prior analyses have assessed AS trends in patients with AF in the USA,[@b15],[@b16] data specific to the very elderly; aged \> 90 years were not mentioned in these reports. To the best of our knowledge, the present study appears to be the first to specifically address this age group. The reasons for increasing rate of hospitalizations for AS observed in our analysis are unclear. One of the potential explanations could be growing prevalence of comorbidities such as hypertension, diabetes, coronary artery disease, prior stroke, peripheral vascular disease, and renal failure in the recent years ([Table 1](#jgc-14-09-547-t01){ref-type="table"}). All of them are well-recognized risk factors for stroke in AF patients. With advancement of care, progressively sicker patients are able to survive to more advanced ages.

Although the use of anticoagulants has steadily increased over the years, the rates still remain sub-optimal (19.9% in women and 21.6% in men in 2014). Inadequate anticoagulation is a problem in all age groups with AF. In a recent analysis of 94,474 AF patients with a history of AS, 83.6% were not receiving anticoagulation.[@b17] In another small retrospective cohort analysis from the US, Marti, et al.,[@b18] reported that none of 39 very elderly (age \> 90 years) AF patients with a prior history of AS were receiving anticoagulation. Our study shows that the utilization rate of anticoagulation therapy in the very elderly AF patients remains relatively low. One of the most commonly cited reasons for such poor adherence to the AF anticoagulation guidelines is physician perceived fear of hemorrhagic complications in this age group.[@b19],[@b20] However, risk benefit analysis has shown that, in appropriately selected very elderly patients, AS risk reduction conferred by anticoagulation may potentially outweigh the hemorrhagic risk.[@b19],[@b21]

The increase in AS rates over the recent years despite better utilization of anticoagulation observed in our study appears to be counterintuitive. However, the NIS database does not provide data about stroke etiology and severity as well as quality and type of anticoagulation at the time of AS hospitalizations. Thus, our data do not allow drawing a firm conclusion about efficacy of anticoagulation in the very elderly patient population. Although AS rates in anticoagulated AF patients were numerically lower than those in the total cohort (3871/million in the total cohort and 513/million in the anticoagulated patients in 2014) suggesting protective effect of anticoagulation in this age group, the trend analysis used in our study does not allow a formal statistical comparison between these two distinctive cohorts.

Further, we noted a sex gap in AS rates; women experienced higher rates of AS compared to men in the total cohort. A higher risk of AF related AS in women comparing to men has been previously reported.[@b22]--[@b24] This has been attributed to increased systemic inflammation and pro-coagulants,[@b25] as well as larger left atrial volume and lower left atrial mechanics[@b26] in women (particularly in older women) with AF. Differential anticoagulation rates between sexes have also been reported as a potential reason for higher risk of stroke in female AF patients. Bhave, et al.,[@b27] and Hsu, et al.,[@b28] showed that females receive lower rates of anticoagulation compared to their male counterparts. In our study, we noted slightly higher utilization of anticoagulation in men compared to women ([Table 1](#jgc-14-09-547-t01){ref-type="table"}).

4.1. Limitations {#s4a}
----------------

Although the NIS database is large and nationally representative, it lacks granularity with regards to AF type, quality of anticoagulation, as well as type and severity of stroke. In addition, this database does not provide information on readmissions and recurrent strokes. ICD-9CM code based data abstract is prone to coding errors. Finally, patient level data were not available. This limited our ability to assess the effect of patient level variables on AS outcomes.

4.2. Conclusions {#s4b}
----------------

There is an increasing trend in AS hospitalizations among nonagenarians with AF in the US in the recent years despite improving utilization of anticoagulants in this patient population. The reasons driving this alarming trend are unclear and require further study.

This article is part of a Special Issue "**Arrhythmia management in elderly patients**".
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